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© Novel polyaromatic cyanates. 

(s^ This invention relates to a polyaromatic cyanate which 
corresponds to the formula 
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wherein 

Ar is an aromatic radical; 
B is a C 7 _2o polycyclic aliphatic radical; 
D is independently in each occurrence any non-active 
hydrogen-containing substituent; 

q. r and s are independently in each occurrence the 
integers 0, 1 , 2 or 3; with the proviso that the sum of q, 4 and 
s is greater than or equal to 2; 

t is independently in each occurrence an integer of 
between about 0 and 4 inclusive; and 

x is a number between about 0 and 5 inclusive. 
Another aspect of this invention is a novel polytriazine 
which comprises the reaction product of the polyaromatic 
cyanate esters of this invention. The novel polytriazines may 
further comprise the reaction product of the novel polyaro- 
matic cyanates of this invention in admixture with other 
cyanates known in the art as useful for the preparation of 
polytriazines. 
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NOVEL POLYAROMATIC CYAN ATE S (E-1825) 

Background of the Invention 

The invention relates to novel polyaromatic 
cyanates, a novel process for preparing the polyaromatic 
cyanates and to novel polytriazines prepared from the 
5 polyaromatic cyanates . 

It is. known. -from German Patent Specification 
No. 1,190,184 that high molecular weight polytriazines 
can be obtained by polymerizing difunctional or poly- 
functional aromatic cyanates at elevated temperature, 

10 optionally in the presence of polymerization promoters. 
The polymers, are characterized for example by their 
remarkable stability at elevated temperatures and they 
are duroplastic in character after tempering for a suf- 
ficiently long period. The resistance of the polytri- 

15 azines to acids and various solvents may also be empha- 
sized. 
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In addition, It was found by V* V. Korchak 
et al. (cf. Vysokomolelculyarnye Soedineniya 1974, num- 
ber 1, page* 15 to 21) that the thermal and thermo-oxi- 
dative destruction:, of polytriazines based on aromatic 
cyanates is greatly influenced by moisture* 

Finally, it is known from German Patent 
1,720/740 that polyfunctional aromatic cyanates caii be 
combined, with powder-form and/or fibrous fillers or rein- 
forcing; materials and subjected: either to a preliminary 
or subsequent heat treatment at about S0°C to 150°C / the 
resulting" molding composition molded and hardened at tem- 
peratures in the' range from about 150 °C to 250 °C. In 
many cases the resulting* moldings also show inadequate 
thermal stability after storage in a moist, tropical 
atmo sphere ~ 

Paly aromatic: cyanates which prepare polytri— 
azines- which are hydrolytically stable are needed. Poly 
aromatic cyanates which are useful in preparing polyaro— 
maticr triazines which are thermally stable are further 
needed:.. 



Summary of the Invention 

The invention involves a polyaromatic cya- 
nate which corresponds to the formula 
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wherein: 

Ar is an aromatic radical; 

B. is> a. Cy_20 polycycl^ 0 aliphatic radical; 

D is any nonactive hydrogen-containing substi- 
5. tuentr 

q, it and s are independently in each occur- 
rence the integers 0, 1, 2, or 3 ; with the proviso 
that the sunt of q, ■ r and s is greater than or equal 
ta Zt 

10 t is- independently in each occurrence an 

integer of between about 0 and 4; and 

x is a number between about 0 and 5 ^ 

Another aspect of this invention is a method 
for the preparation of the polyaromatic: cyanates. This 

IS process, generally comprises first preparing- a cyanogen 

chloride in situ, by contacting- ar solution of chlorine in 
a chlorinated: hydrocarbon with an aqueous solution of 
alkali metal cyanide^ Then the aqueous layer containing 
the alkali metal chloride by-product is separated from 

20 the chlorinated: hydrocarbon layer containing the cyano- 
gen chloride* Then a solution of a polycyclic bridged 
hydroxy- substituted polyaromatic phenol in a suitable 
solvent is contacted with the cyanogen chloride solution 
in the presence of a tertiary amine to prepare the poly- 

2S aromatic cyanates of this -invention* 

Another aspect of this invention is a novel 
polytriazine which comprises the reaction product of : the 
polyaromatic cyanate esters* of this invention. The novel 
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polytriazines may further- comprise: the- reaction product 
of the novel polyaromatic cyanates of this invention in 
admixture with other cyanates known in the art as useful 
for the preparation. o£ polytriazines^- 

5 The noveL polyaromatic cyanates of this 

invention prepare polytriazines which are surprisingly 
more stable to hydrolysis than prior art polytriazines. 

The polytriazines of this invention can be 
used as cure-in-place resins or fabricated in the form of 
10 shaped articles, where thermal stability , chemical inert- 
ness and* solvent resistance are desirable or required^ 

Detailed Description of the Invention 

Aromatic radical:, Ar,. refers herein any -radi- 
cal containing: an aromatic group. Examples of aromatic 
radicals include benzene, naphthalene, phenanthracener, 
anthracene,, or bi aromatic radicals, or two or more aro- 
matic radicals bridged by alkylene moieties . Ar is pref- 
erably a benzene-,, naphthalene, biphenyl, benaphthyl, or 
a diphenyl alkylene radical. Ar is more preferably a 
benzene radical* 

Polycyclic aliphatic radical, refers herein 
to any aliphatic radical which contains two or more 
cyclic rings* The polycyclic aliphatic radicals may 
contain one or more double or triple bonds . Preferred 
polycyclic aliphatic radicals correspond to the formulas 

-GO- 
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wherein? 

o o 

. n- ir 

T is CH-, S, S or S ; 
*- ' it 
O 



and D is Cj^g alkyl. 

B is more preferably a radical which corre- 
sponds to one of the formulas II, III, IV r V, VI, VII, 
VIII or XI ri with radicals corresponding to formulas II, 
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III, IV, V or xnr being; even more preferred, and radi- 
cals corresponding- to formula II being most preferred. 

D. is. any substituent which can' be substituted, 
on an organic hydrocarbon radicai, with the exception that 
5- the substituent cannot contain, an. active hydrogen atom. 
Substituents within the scope of this invention are well- 
-known to those skilled in the art. Active hydrogen atom 
means herein a. hydrogen, atom which, is bonded to an oxygen, 
sulfur or nitrogen atom. Examples of substituents within 

10 the scope of D include alkyl, alkenyl, alkynyl, aryl, 

alkaryl aralkyl, halo, alkoxy, nitro, carboxylate, sul- 
fone, sulfide or carbonate moieties. Preferred substi- 
tuents are alkyl, c,_ 10 alkenyl, nitro, and halo 
moieties, with alkyl, c x _ 3 alkynyl, bromo and 

IS chloro moieties being, most preferred. 

- Preferably,, g;, r and. s are independently 1 or 
2, and. are most preferably 1. Preferably, t is indepen.- 
" dently an integer of 0/ 1 or 2, more preferably 0 or 1, 
and most preferably 0 . Preferably, x is between about 
20 0 and 2 inclusive, and more preferably between about 0 
and. 1 inclusive. 

. The polyaromatic cyanates of this invention 
usually exist as. a mixture of many isomers. Further, 
these polyaromatic cyanates. usually are found as a mix- 
25 ture of compounds in which x is between 0 and 5'. Usu- 
ally the number given for x in a particular mixture is 
an average number. 
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In one preferred embodiment the poly aromatic 
cyanates- correspond to the formula 



NCO 




wherein x is a real number of between about 0 and 5, 
inclusive . 



The polyaromatic cyanate esters of this inven- 
tion are generally prepared by contacting a suitable poly- 

10 aromatic phenol with cyanogen chloride, in the presence of 
a tertiary amine. It is; preferable to prepare the cyano- 
gen chloride in situ by^ contacting a solution of chlorine 
in a. chlorinated hydrocarbon solvent with an aqueous solu- 
tion of an alkali metal cyanide. The reaction mixture 

15 separates into an organic layer of the chlorinated hydro- 
carbon containing the cyanogen chloride and an aqueous 
layer containing the- alkali metal chloride salt. Gener- 
ally, the alkali metal cyanide and chlorine are reacted 
in a mo lair ratio of between. 1-0:1.0 and 1.0:1.15, prefer- 

20 ably between about 1.0:1-0 and 1.0:1.05; and most pre- 
ferably about 1.0:1.0. An excess of either may result 
in undesirable consequences, that is, excess chlorine 
may later react with the phenol, and excess alkali metal 
cyanide may result in a lower product purity. This con- 

25 tacting is done at a temperature of 0°C or below, prefer- 
ably less than -15 °C. Above 0°C the cyanogen chloride 
will trimerize* Preferable solvents for the chlorine are 



C-31,877 -7- 

:<EP 0147548A2_I_> 



-8- 



01 47548 



the aliphatic chlorinated hydrocarbons, such as methyl 
chloride, chloroform, 1, 1, 1-trichloroethane and the like. 
The preferred alkali metal cyanide is sodium cyanide. 

The aqueous layer and organic layer are then 
separated* The separation of the organic layer from the 
aqueous layer is- advantageous as the presence of the aque 
ous layer in further processing adversely affects the pur 
ity of the polyaromatic cyanates eventually prepared* 

The organic layer containing the cyanogen, 
chloride is then contacted with- a polycyclic bridged 
hydroxy-substituted polyaromatic compound dissolved 
in a suitable solvent in the presence of a tertiary 
amine* 

Polycyclic bridged hydroxy-substituted poly- 
aromatic compounds: useful in. this process correspond to 
the- formula: 



(D) t 



(D) t (D) t 

- B Ar- 

(OH) 



r Jx 



- B 



- Ar- 



(OH), 



wherein. Ar, B, D, q, r, s, t and x are as defined 
her einb e f o r e . 



In one preferred embodiment the polycyclic 
bridged hydroxy-substituted polyaromatic compounds cor- 
respond to the formula 
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wherein x is as defined hereinbefore. The polycyclie 
bridged hydros-substituted polyaromatic compounds -used 
usually exist as- a mixture of isomers - Further, the poly- 
cyclic bridged hydroxy-substituted poly aromatic compounds, 
are found as a mixture- of compounds, in which x is between 
0 and 5~ Usually the number given for x is an average num- 
ber. The solvents used for the polycyclie bridged hydroxy- 
-substituted polyaromatic compounds are secondary alcohols, 
tertiary alcohols,, ojc chlorinated hydrocarbons. Preferred 
solvents* are- secondary alcohols or aliphatic chlorinated 
hydrocarbons^ with; isopropyl alcohol and methylene chloride 
most preferred- 



The process is preferably done at a tempera- 
ture of 0°C or below, more preferably -15 °C or below. 

For complete conversion of the hydroxy moi- 
eties on the aromatic radicals to cyanate moieties, at 
20 least 1 mole of cyanogen chloride for each hydroxy equiv- 
alent is needed* It is preferable to use an excess of 
10 mole percent of cyanogen chloride for each hydroxy 
equivalent to insure complete conversion. 

The tertiary amine acts as a hydrochloride : 
25 acceptor, and as a result *a tertiary amine hydrochloride 
salt is a by-product of the process. Generally, at least 
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one mol of tertiary amine for each hydroxy equivalent, 
is used. Hydroxy equivalent refers herein to the- average 
molecular weight of the polycyclic bridged hydroxy-substi 
tuted polyaromatic compound divided by the. average number 
5 of hydroxy moieties per molecule. 

The polyaromatic cyanates can be recovered 
from the reaction solution in. the following manner. The 
reaction mixture is first contacted with a dilute aqueous 
solution of base, such as a bicarbonate, to remove the 

10 excess cyanogen chloride. Then the reaction mixture is 
contacted with water to remove the tertiary amine hydro- 
gen chloride salt. Thereafter, the reaction solution is 
contacted with a dilute ^ aqueous acid solution to neutra- 
lize any base present, "a. 1-20 weight percent solution of 

15 hydrochloride, phosphoric or sulfuric acid, can be used, 
preferably a. 5-10 weight percent solution. The reaction 
solution is then- contacted with water to remove any impur- 
ities-, which may be. present. - The -reaction.- solution is - 
dried over a dessicant to remove the water, and. the sol- 

20 vent is stripped off. 

The polyaromatic cyanate recovered is of sur- 
prisingly high purity and can be used directly to prepare 
polytriazines . 

The polycyclic bridged hydroxy-substituted 
25 polyaromatic compounds useful in this invention can be 

prepared by reacting an aromatic compound, containing at 
least one aromatic hydroxy moiety and one position on 
the aromatic ring which can" be alkylated, with an unsatu- 
rated polycyclic aliphatic compound under conditions such 
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that a polycyclic bridged hydroxy- substituted polyaromatic 
compound useful in this invention is prepared. 

Suitable substituted, aromatic hydroxy com- 
pounds which can be .employed herein include any such 
5 compounds which contain one or two aromatic rings , at 
least one phenolic hydroxyl group and at least one 
ortho or para ring position with respect to a hydroxyl 
group available for alkylatioix.. 

Particularly suitable hydroxy-substituted 
to aromatic compounds which can be employed herein include, 
for example, phenol, chlorophenol, bromophenol, methyl- 
phenol, hydroquinone f catechol , resorcinol, guaiacol, 
pyrogallol, phloroglucinol , isopropylphenol, ethylphenol, 
propylphenol , t-butylphenol, isobutylphenol , octylphenol , 
IS nonylphehol, cumylphenol, p-phenylphenol, o-phenylphenol, 
m-phenylphenol, bisphenol A, dihydroxydiphenyl sulfone, 
mixtures, thereof and the like- . 

The hydroxy-substituted polyaromatic compound 
is contacted with the unsaturated polycyclic aliphatic com- 

20 pound optionally in the presence of a solvent* Preferred 
solvents include chlorinated hydrocarbons, aliphatic hydro- 
carbons, aromatic hydrocarbons and nitro-substituted hydro- 
carbons. In- general the hydroxy-substituted polyaromatic 
compound is contacted with the unsaturated polycyclic ali- 

25 phatic compound in a mole ratio of between about 20.0:1.0 

and 1.0:1.0, preferably between about 10.0:1.0 and 1.5:1.0. 

These reactants are preferably contacted 
in the presence of a catalyst. 
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Acid catalysts which can be employed, herein, 
include, for example, Lewis acids, alkyl, aryl and aral- 
kyl sulfonic acids, and disulfonic acids of diphenylox- 
ide and alkylated diphenyloxide, sulfuric- acid,, mixtures 
thereof and the like. Preferable catalysts are such 
Lewis acids as BFg gas, organic complexes of boron tri— 
fluoride such as those complexes formed with, phenol, cre- 
sol, ethanol, acetic acid and the like:. Also Lewis - acids 
include aluminum chloride, zinc chloride, stannic chlo- 
ride, and the like. Also catalysts- include, for example, 
activated clays, silica, silica-alumina complexes, and 
the like. 

In preparing - the compounds which contain an 
average of more than one phenolic hydroxyl group and more 
than one aromatic ring per molecule, the reaction between 
the phenolic hydroxyl- containing compounds and the unsatu 
rated: hydrocarbons can be conducted: at temperatures of 
from about 33°C to about 270 °C, preferably from about 
33 °C to about 210 °C. 

* The poly aromaticr cyanates of this invention 
are useful in preparing polytriazines . The polytria- 
zines= of. this invention comprise the reaction product 
of (a) between about 1 and 100 percent by weight of the 
polyaromatic cyanate of this invention, and (b) between 
about 0 and 99- percent by weight of a cyanate which is 
useful for preparing triazines, such cyanates being well- 
-knowrL to those skilled in the art. The prior art cya- 
nates useful in this invention include those correspond- 
ing to the formula Ar-fOCN)~ wherein Ar is an aromatic 
radical, and n is an integer of from 1 to 5 . Preferable 
cyanates- include those corresponding to the formula 
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wherein 

5 each. R is "the same oir different and repre- 

sents hydrogen, halogen, straight and branched 

^2T C 20 ^^y- 1 -' P hen y!/ alkoxy radicals having from 
1 to 4 carbon atoms, alkoxy carbonyl radicals hav- 
ing from 1. to 4 carbon atoms in the alkyl group; 

10 or two adjacent radicals R on the same nucleus 

may together form a carbocyclic 5- or 6-membered 
ring, two adjacent radicals R may, together with 
a hetero atom (O, S, N), form a 5- or 6-membered 
heterocyclic ring, 

15 - R f has the same meaning as R or represents 

the? group 

2a (R) 



A represents a direct bond, a C 1 -C 2Q alkyl- 
en& grouj) optionally substituted by ^-C^ alkyl 
or phenyl,, a cyclo aliphatic or aromatic 5- or : 
6-membered ring optionally interrupted by oxygen, 
25 a sulfonyl group (-SO^-), a carbonyl dioxide group. 
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II 

o 

or a carbonyl group; 
S a represents a number of from 1 to 5 when 

e£l, and a number of from 2 to 5 when e=0 ; 

• b represents 5 -a when eil and 6-(a+d) when 
e=0; 

c- represents 5-d; 
10 d represents a number of from 0 to 5, and 

e represents 0, 1, 2 or 3, 

with a proviso that the, sum of a and d is always a 
number from 2 to 5* 

The following: compounds are specifically — 
15 mentioned as examples, of conventional cyanates within 
one or more of the formulas noted above: 1/3- and 
1, 4-dicyanatobenzene, 2-tert-butyl-l , 4-dicyanatobenzene , 
2 , 4-d±methyl-l, 3-dicyanatobenzene, 2, 5-di-tert-butyl- 
-1, 4-dicyanatobenzene, tetramethyl-1, 4-dicyanatobenzene, 
20 2,4, 6-trimethyl-l , 3-dicyanatobenzene, 4-chloro-l, 3-dicya- 
natobenzene, 1,3-, 1,4-, 1,5-, 1,6-, 1,7-, 1,8-, 2,6- or 
2,7-dicyanatonaphthalene, 1,3 , 5-tricyanatobenzene; 4,4* -di- 
cyanatodiphenyl , 2 , 2 1 -dicy anatodiphenyl , 3 , 3 1 , 5 , 5 f - te tr a- 
methyl-4, 4 1 -dicyanatodiphenyl , 3 , 3 1 , 5 , 5 1 -tetrachloro-4 , 4 1 - 
25 -dicyanatodiphenyl , 3 , 3 1 , 5 , 5 1 -tetrachloro-2 , 2 1 -dicyanato- 
diphenyl , 2 , 2 9 , 6 , 6 1 -tetrachloro-4, 4 1 -dicyanatodiphenyl , 
4, 4 1 -bis- [ ( 3-cyanato ) -phenoxy ] -diphenyl , 4 , 4 1 -bis- [ ( 4-cy- 
anato ) -phenoxy] -diphenyl ; 2,2* -dicyanato-1 , 1 1 -binaphthyl ; 
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4,4»-dicyanatodiphenyl ether, 3,3' , 5,5' -tetraraethy 1-4,4' - 
-dicyanatodiphenyl ether, 3,3 • , 5, 5 ' -tetrachloro-4,4' -di- 
cyanatodiphenyl ether, 4,4" -bis- [p-cyanatophenoxy] -diphe- 
nyl ether, 4, 4' -bis - [p-cyanatophenylisopropyl] -diphenyl 
5 ether-, 4,4' -bis- [p-cyanatophenoxy] -benzene, 4,4 1 -bis- [xn- 
-cyanatophenoxy] -diphenyl ether, 4,4' -bis- [4-( 4-cyanato- 
phenoxy) -phenyl sulf one] -diphenyl ether; 4,4'-dicyanato- 
diphenyL sulf one, 3 , 3 1 , 5 , 5 ' -tetramethyl-4, 4 ' -dicyahato- 
diphenyl sulf one, 3 , 3 1 , 5 , 5 f -tetrachloro-4 , 4 ' -dicyanato- 

10 diphenyl 1 sulf one, 4,4' -bis- [p-cyanatophenylisopropyl] - 

-diphenyl sulf one, 4, 4' -bis- [(4-cyanato)-phenoxy ] -diphe- 
nyl sulf one, 4, 4' -bis- [(3-cyanato)-phenoxy] -diphenyl sul- 
f one, 4,4' -bis- [4- ( 4-cyariatophenylisopropyl ) -phenoxy] - 
-diphenyl sulfone, 4,4' -bis-[4-cyanatophenyl sulfone)- 

15 -phenoxy^ -diphenyl sulfone, 4,4'-bis-[4-(4-cyanato)-di- 
phenoxy] -diphenyl sulfone, 4,4* -dicyanatodiphenyl meth- 
ane, 4, 4' -bis-[p-cyanatophenyl] -diphenyl methane, 2,2- 
-bis--(p-cyanatophenyl) -propane, 2,2-bis-(3,5-dimethyl- 
-4-cyanatophenyl ) -propane, 2 r 2-bis- (3 , 5-dichloro-4-cya— 

20 natophenyl) -propane, l,l-bis-[p-cyanatophenyl]-cyclohex- 
ane, bis^-[2-cyanato-l-naphthyl] -methane, 1 , 2-bis- [p-cya- 
natophenyl] -1,1,2, 2-tetramethyl ethane, 4,4' -dicyanato- 
benzophehone, 4, 4' -bis-( 4-cyanato ) -phenoxybenzophenone , 
1, 4-bis- [p-cyanatophenylisopropyl] -benzene, 2 , 2 ' , 5 , 5 * - 

25 -tetracyanatodiphenyl sulfone? polycyanic acid esters 
of novolaks (reaction products, of phenol or alkyl- or 
halogen-substituted phenols with formaldehyde in acid 
solution) having from 3 to 5 OCN groups and the like. 
Preferred conventional cyanate containing compounds 

30 include 2, 2-bis (p-cyanatophenyl) -propane and 2,3-bis- 
( 3 , 5-dibrpmo— 4-cyanatophenyl ) -propane . 
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The polytriazines of this invention prefer- 
ably comprise the reaction product of (a) between about 
25 and 100 percent by weight of the polyaromatic cyanates 
of this invention, and (b) between 0 and 75 percent by. 
weight of a cyanate which is useful in preparing polytri— . 
azines. More preferably, the polytriazines of this inven- 
tion comprise the reaction product (a) between about 50 
and 100 percent by weight of a polyaromatic cyanate of 
this invention, and (b) between about 0 and 50 percent 
by weight of a cyanate useful in preparing polytriazines. 
The prior* art cyanates may comprise mono-, di- and poly- 
cyanates". 

The polytri azines of this invention may com- 
prise up* to 30 percent of monocyanate compounds, for exam- 
ple, Ar^OCN)^ wherein n=l* The use of monocyanates give 
the polytriazines: modified- properties, for example, solu- 
bility, glass- transition temperature, moisture resistance 
and impact resistance* 

The formation, of polytriazines arise from the 
cyclotrimerization of aryl cyanates to prepare 1,3,5-tri- * 
aryloxytri azines. The use of the difunctional and poly- 
functional, polyaromatic cyanates of this invention in 
, the cyclotrimerization process results in the prepara- 
tion of a three dimensional network polymer which is 
hard, infusible and insoluble. 

The term polytriazines as used in this inven- 
tion refer to both fully cured polytriazine polymers; and 
partially cured polytriazine prepolymers. Fully cured 
polytriazines are essentially free of cyanate function- 
alities- The prepolymers are cyanate group-containing 
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polytriazines of liquid, wax-like or solid consistency 
and are soluble in organic solvents. These prepolymers 
are highly stable in storage „ These prepolymers may be 
later converted to high molecular weight polytriazines- • 
5 when exposed to polymerization conditions. Prepolymers 
are prepared to permit easy handling of a resin prior to 
final use. Further , these prepolymers are useful in the 
production of coatings on such substrates as metals, cex- 
mics / glass and earthenware, and as impregnating lacquers 
10 or laminating resins. 

In the preparation of the polytriazines, aro- 
matic polycyanates- are contacted in. the presence of a 
catalyst at a temperature of between about 20°C and 200°C / 
optionally ±n the presence of a solvent. Preferable tem- 
15 peratures are between about 80°C and 180°C. The prepoly- 
mers are prepared: by the same process, except either a 
lower* temperature or a lower amount of catalyst is used, 
so that the aromatic polycyanates do not completely 
polymerize. 

20 The rate of polymerization, is dependent upon 

the temperature and the catalyst amount. As either, or 
both, increase, the rate of polymerization increases. At 
higher temperatures, a lower amount of catalyst is neces- 
sary for; the desired amount of polymerization than is 

25 necessary at lower temperatures^ 

Useful catalysts include acids, bases, salts, 
nitrogen, and phosphorus, compounds, for example, Lewis 
acids such as AlCl 3 , BF 3 , FeCl 3 , TiCl 4/ ZnCl 2 , SnCl 4 ; 
proton acids such as HCl, HgFO^; aromatic hydroxy com- 
30 pounds such as phenol, p-nitrophenol, pyrocatechol, dihy- 
droxy naphthalene, sodium hydroxide, sodium methylate, 
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sodium phenolate, tr ime thy 1 amine, tri ethyl amine, tribu- 
tylamine , diazobicyclo- (2,2,2) -octane , quinoline , iso- 
quinoline, tetrahydroisoquinoline, tetraethyl ammonium 
chloride, pyridine-N-oxide, tributylphosphine, phospho- 
5 line-A 3 -l-oxa-l-phenyl, zinc octoate / tin octoate, zinc 
naphthenate, cobalt salts of C g _ 20 carboxylic acids and 
mixtures thereof ♦ Preferable catalysts are the cobalt 
salts of Cg_ 20 carboxylic acids, with cobalt naphthenate 
and cobalt octoate being- most preferred. 

10 Generally, any amount of catalyst which cata- 

lyzes the preparation of polytriazines is suitable. Pref- 
erably, between about 0.001 and .10 percent by weight of 
the cyanates of catalyst is used. 

Solvents useful in this invention can be any 
15 compound which, dissolves the aromatic polycyanates and 

does not interfere- with the reaction ~ Suitable solvents 
include aromatic hydrocarbons, alcohols and ketones. 

The polyfunctional aromatic polycyanates may 
be combined with the powder-form or fibrous fillers or 

20 reinforcing materials either before or after heat treat- 
ment of the aromatic polycyanates and by basically any 
method* For example it is possible to impregnate powder- 

- - -form or fibrous- fillers or reinforcing materials such 
as quartz sand or glass cloths, with the aromatic cya- 

25 • nates, optionally in solution. Examples of the solvents 
which may be used for this purpose and which, generally, 
have to be removed again afterwards, are inert solvents 
such as methylene chloride ,~ acetone, methylethyl ketone, 
xylene, ethyl acetate benzene, toluene, tetrahydrofuran, 
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chlorobenzene, dibutyl ether, dimethyl formamide and 
tetramethylene sulfone. 

Suitable fillers and reinforcing materials 
are, generally, i n any powder form and/or fibrous prod- 
ucts, for example, of the type commonly used in the pro- 
duction of moldings based on unsaturated polyester resins 
or epoxide resins. Examples of products such as these 
are, primarily, granular fillers such as quartz powder, 
ground shale, asbestos powder, powdered corundum, chalk, 
iron powder, aluminum powder, sand, gravel and other fil- 
lers of this kind, also inorganic or organic fibers, 
more especially glass fibers in the usual textile forms 
of fibers, filaments, rovings, yarns, nonwovens, mats 
and cloths, etc. in this connection, amino silane-based 
finishes have proven to be particularly effective. It 
is also possible to use corresponding textile structures 
of organic, preferably synthetic fibers (polyamides, 
polyesters) or on the basis of quartz, carbon, metals, 
etc., as-, well as monocrystals (whiskers). 

The end products combined with fillers or 
reinforcing materials may be used in particular in ves- 
sel and pipe construction by the winding technique, in 
electrical engineering, in mold construction and tool 
making and also in the construction of heavily stressed 
components, in the lightweight construction of vehicles 
in aeronautical and astronautical engineering. 



Specific Embodiments — 

The following examples are included for illus- 
trative purposes only, and are not intended to limit the 
scope of the invention or claims. 
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Example L 

Polytriazine castings of each of the following 
cyanate-containing compounds are prepared. 



5 NCO 




-12. 7 



10 



ii 



and 



15 




OCN 



i: 



20 



wherein, formula I is an example of this invention and 
formulas. II and III are not. 

The polytriazine castings of the aromatic 
cyanates of formulas I and II are prepared by heating 
about 6 g of the respective cyanate along with about. 
200 parts per million of cobalt naphthenate at 150°C 
for 1 hour and 20 minutes and then at 200 "C for 3 hours 
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The castings of formula III are prepared by 
heating about 6 g of formula III along with about 200 
parts per million of cobalt naphthenate at 180°C for 2 
hours and 250 *c for 90 minutes. 

All of the castings are monitored by differ- 
ential scanning calorimetry to insure tihe castings have 
no uncured cyanate functionalities. 

A. casting of each of the polytriazines is 
exposed to the following test conditions, in Test 1, 
the castings are boiled in water for 96 hours. in Test 
2, the castings axe immersed in 20 weight percent hydro- 
chloric acid for 2.5 hours at room temperature and then 
at reflux for 4.5 hours. In Test 3, the castings are 
immersed in 40 weight percent sodium hydroxide at room 
15 temperature for 2.5 hours, then at reflux for 4.5 hours. 

Each casting is weighed before and after each 
test. Table I compiles the test results. 

TABLE I 



10 



20 







Weiaht Chancre 




Test 


Cyanate I 


Cyanate II 


Cyanate 


1 


+0.63 . 


+ 1.08 


+1.26 


2 


+0.26 


- 4.35 


+1.55 


3 


-1.69 " 


-28 . 68 


-5.78 



The weight gains are due to the adsorption 
25 of water by the samples. The weight losses are due to 
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the decomposition of the polymer due to hydrolysis. 
Generally / water is adsorbed by the polymer prior to . 
hydrolysis* 

The example demonstrates that the polytria- 
5 zine prepared from the compound corresponding to formula 
I is significantly more resistant to hydrolysis than the 
polytriazines prepared from compounds corresponding to for- 
mula II or III.. Visual inspection of the castings after 
Test 2 shows .that the casting prepared from the compound 

10 corresponding to formula I has no change in appearance , 

whereas the casting prepared from the compound correspond- 
ing to formula II has lost its transparency due to surface 
pitting* : A visual inspection after Test 3 of the casting 
prepared* from the compound corresponding to formula I 

15 shows slight surface pitting, whereas a visual inspection 
of the castings prepared from the compound corresponding 
to formula II after Test 3 shows the casting: to have numer- 
ous voids throughout and that the casting readily crumbles^ 
under physical stress* 

20 Example .2 

An 85 percent solution of polyaromatic cya- 
nate I in methyl isobutyl ketone containing 0.016 weight 
percent of cobalt naphthenate are used to impregnate 
fiberglass cloth . Eight plys* of the impregnated cloth 
25 are laid' up and cured in a press at 175 °C and 300 psi 
for 1 hour to give a 0.062 inch thick laminate which 
has a glass transition temperature of 265°C. The lami- 
nate shows a 0.09 percent by weight absorption of water 
after boiling- for an hour at 15 psi-. 



C-31,877 -22- 



BNSOOCID: <EP 01 47548A2_I_> 



-23- 



0147548 



Example 3 

A 50 percent solution of a polyaromatic cya- 
nate corresponding to the formula 



5 HO 




OCN 



in methyl ethyl ketone containing 0.02 percent of cobalt 
octoate is used to impregnate fiberglass cloth, six plys 
of which are laid up and cured in a press at 175 °C and 

10 300 psi for 1 hour- A laminate using the polyaromatic 
cyanate of formula II (not an example of the invention) 
is prepared in the same manner. Both laminates are sub- 
jected to humidity aging at 71° C for 1000 hours at 100 
percent humidity. The laminate prepared from formula IV 

15 shows water absorption of 0.59 percent, while the laminate 
prepared from formula II absorbs 0.83 percent water (the 
experimental error is 0.01 percent). This example demon- 
strates that the polytriazines prepared from polyaromatic 
cyanates-. of this invention absorb significantly* less water 

20 than polytriazines prepared from prior art cyanates • 



25 



Example 4> 

A fiberglass cloth laminate is prepared from 
a 50 percent solution of formula IV in methyl ethyl : 
ketone without catalyst. -The laminate is heated at 150 °C 
for 15 minutes, and then inserted into a 215 °C press at 
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contact pressure. The temperature is raised to 250°C 
over a period of 8 minutes and a pressure of 100 psi is 
then applied. After 45 minutes, the laminate is removed 
and post-cured for 1 hour at 250 °C and then for 1 hour 
5 at 275°C. The laminates were of an E glass Style 7781, 
A .1100 Finish, 6-ply and 27 percent resin- 

The laminate is divided into different" sec- 
tions and several tests are- run- The 
flexural ..strength and flexural modulus are tested 
10 at room temperatures (23°C) and 190 °C. This is * 

done in accordance with ASTM D-790 (incorporated herexn 
by reference)- Other portions of the laminate axe 
exposed to different conditions and thereafter the flex- 
ural strength and flexural modulus are tested. 

15 In Test 4- the laminate is exposed to air at 

200°C for 500 hours- In Test 5 the laminate is exposed 
to 100 percent humidity at 50°C for 570 hours- In Test 
6 the laminate is immersed in CB 2 C1 2 for 7 days. In 
Test: 7 the laminate is immersed in methanol for 7 days. 

20 In Test a the laminate is immersed in toluene for 7 days. 
The percentage of the flexural strength and modulus of 
each laminate compared to the* control at room tempera- 
ture is calculated- The laminates are also weighed 
before and after each treatment and the percent change 

25 relative to the standard is calculated- The results are 
compiled in Table II. 



Table II demonstrates, that glass laminates : 
prepared using the polyaromatic cyanates of this inven- 
tion are stable to heat, humidity and contact with com- 
30 mon solvents such as methanol and toluene. 
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WHAT IS CLAIMED ISs 

1. A polyaromatic cyanate which corresponds 
to the formula 



<E>) t 
(NCO^ Ar- 



<D). 



• 

B 



(D) t 



-Ar- 
t 



(OCN). 



(D). 

f 

- B- 



- Ar— 



(OCN), 



-wherein: 



10 



15 



Ar is art aromatic radical; 

B. is a C 7 _ 2Q polycyclic aliphatic radical; 

D is independently in each occurrence any non- 
active hydrogen-containing substituent; 

q, r and s are independently in each occur- 
ence the integers 0, 1, 2, or 3; with the proviso 
that the sum of q, r and s is greater than or f equal 
to 2; 

t is independently in each occurrence an 
integer of between about 0 and 4 inclusive; and 
x is a number between about 0 and 5 inclu- - 

sive_ 
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2. The composition of Claim 1 wherein: 

Ar is a benzene, naphthalene, phenanthracene , 

anthracene, or biaromatic radicals, or two or more 

aromatic radicals bridged by alky^Lne moieties- 

B is t*~it,i-]i 






* 

28 - : 0147548/ 

D is an alkyl, alkenyl, alkynyl, aryl, 
alkaryl, ar alkyl, halo, alkoxy, nitro, carboxy- 
late, sulfone, sulfide, or carbonate moiety; 

D 1 is alkyl; 

Y is 



O 0 
it ii 
S or S 
ii 
O 



qv r and. s are independently 1 or 2; 
t is independently 0, 1 or 2; and 
x is a number between about 0 and 2 inclu- 
sive* 

3- The composition of Claim 2 wherein: 

- Ar is a benzene,, biphenyl, binaphthyl or 
diphenylalkylene radical; 
B is 



GO «• -^"CO - ^- 



11 
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-CH. 



2 




^CH^-VII, 



vill, or 




-p XIII 




0 



5 



D is a C 1-10 alkyl, alkenyl, nitro or 

halo moiety; 

q, r and s are 1; 
t is 0 or 1; and 

x is a number between 0 ' and 1 inclusive . 
4. The composition of Claim 3 wherein: 

Ar is benzene; 
B is 





D is a alkyl, alkenyl, bromo or 

chloro moiety; and 
t is 0 . 



The composition of Claim 4 wherein: 



B is 
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6. The composition of Claim 1 which corre- 
sponds to the formula 



NC 




OCN 



-*x 



wherein x is a real number of between about 0 and 5, 
inclusive ~ 

7^ The composition of Claim 6 wherein x 
is a real number of between about 0 and 2, inclusive, 



a* The composition of Claim 6 wherein x 
is a real number of between about 0 and 1, inclusive. 

9. A process for the -preparation -of an 
aromatic polycyanate which comprises 

(a) preparing in situ a cyanogen chloride 
by contacting a solution of chlorine in a chlori- 
nated hydrocarbon with an aqueous solution of an 
alkali metal cyanide at a temperature of 0°C or 
below under conditions such that a cyanogen chlo- 
ride is prepared; 

(b) physically separating the chlorinated 
hydrocarbon in which the cyanogen chloride is dis- 
solved from the aqueous: layer in which an alkali 
metal chloride salt is dissolved; and 
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15 



20 



(c) contacting the cyanogen chloride dis- 
solved in the chlorinated hydrocarbon with a poly- 
cyclic bridged hydroxy-substituted polyaromatic 
compound dissolved in a chlorinated hydrocarbon/ 
a secondary alcohol or a tertiary alcohol, in the 
presence of a tertiary amine at a temperature of 
about 0°C or less under conditions such that a 
polyaromatic cyanate i& prepared; 



wherein the. polycyclic bridged hydroxy- substituted poly- 
aromatic compound, corresponds to the formula 



(D) 1 
(HO*- q Ar. 



(D). 



-B 



— Ar — 



(OH) r 



-B — 



(D). 



• Ar- 



-(OH), 



25 



wherein the polyaromatic- cyanate corresponds to the for- 
mula 



(D) 1 
(NCO* g Ar- 



- B - 



(D). 



Ar- 
i 



(OCN). 



<D). 
i 

- B ~ 



(D) t 

-Air— 



(OCN), 



wherein: 



30 



Ar is an aromatic radical; 
B is a C^^q polycyclic aliphatic radical; 
D is- independently in each occurrence any non- 
active hydrogen-containing substituent; 
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q, r and s axe independently in each occur- 
rence the integers 0, 1/ 2, or 3; with the proviso 
that the sum of q, r and s is greater than or equal 
to 2; 

t ia independently in each occurrence an 
integer of between about 0 and 4 inclusive; and 

x is a number between about 0 and 5 inclu- 
sive. 

10 A polytriazine which comprises the reac- 
tion product of 

(a) between about 1 and 100 mole percent 
of an aromatic polycyanate which corresponds to 
the formula 1 



(NC0* q Air* 



(n). 

t 

-B - 



(D) t 
-AT — 

toc*r-) 



r _lx 



(D) t 
- B 



(D) t 
-Ar — 



-<OCN), 



wherein r * 

Ar is- an aromatic radical; 
B is a C 7 _ 2Q polycyclic aliphatic radi- 
cal; 

D is independently in each occurrence 
any nonactive hydrogen-containing substituent; 

q, r and s are independently in each 
occurrence the integers 0, 1, 2, or 3; with 
the proviso that-the sum of q, r and s is 
greater than or equal to 2; 
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t is independently in each occurrence 
an integer of between about 0 and 4 inclu- ' 
sive; and 

x is a number between about 0 and 5 
inclusive; 

(b) between about 0 and 99 mole percent 
of one or more cyanate containing compounds, 

wherein x is a real number of between about 0 and 5, 
inclusive*. 

11. The polytriazine of Claim 10 wherein 
the cyanate-containing compound corresponds to the for- 
mula ArfOCN) n wherein Ar is an aromatic radical and n 
is an integer of between 1 and 5, inclusive. 



12. The polytriazine of Claim 10 wherein 
the cyanate-containing compound corresponds to the for- 
mula 



(NCO) ^^S>| A "^^ OCN) 



(R) 



<R'), 



wherein 



each R is the same or different and repre- 
sents hydrogen, halogen, straight and branched . 
C 1 -C 2Q alkyl, phenyl alkoxy radicals having from 
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1 to 4 carbon atoms, alkoxy carbonyl radicals hav- 
ing, from 1 to 4 carbon atoms in the alkyl group or; 
two adjacent radicals R on the same nucleus_may 
together form a carbocyclic 5- or 6-membered ring, 
two adjacent radicals R may, together with^ a hetero 
atom (O, S, N), form a 5— or 6-merabered heterocyclic 
ring, 

R* has the same meaning as R or represents 
the group 



A 'represents a direct, bond, "a c i~ C 2o ^ Xyl- 
ene group optionally substituted by C 1 -C 4 alkyl 
or phenyl, a cyclo aliphatic or aromatic 5- or 
6-membered ring optionally interrupted by oxygen, 
a sulf onyl group " ( -SO ,~ a carbonyl "dioxide group , 



or a carbonyl group; 

a represents a number of from 1 to 5 when 
e£l, and a number of from 2 to 5 when e=0; 

b represents 5-a when e£l and 6-(a+d) when 

e=0; 

c represents 5-dr 




(R) b 



(-0C0-) 



II 



,877 
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d represents a number of from 0 to 5, and 
e represents 0, 1, 2 or 3, 

with a proviso that the sum of a and d is always a 
number from 2 to 5. 
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